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ABSTRACT 
An 84 d randomized block design using 96 beef calves (238.8 + 20.1 kg) in each of two 
years was used to assess the efficacy of energy supplementation and glucomannan (MTB) 
to alleviate tall fescue toxicosis. Groups of four calves were randomly assigned to 24 
endophyte-infected tall fescue pastures (1.23 + 0.06 ha). Pastures of calves were 
randomly assigned to treatments: unsupplemented (CON), supplemented with soybean 
hulls (SH) at 0.33% BW (DM basis; LO), supplemented with SH at 0.66% BW (DM 
basis; HI), LO plus 20 g·hd-1·d-1 MTB-100® (LO-MTB), HI plus 20 g·hd-1·d-1 MTB-100® 
(HI-MTB). Calves were weighed and serum collected every 21 days. Fecal grab samples 
were taken from d 55 to d 59 and analyzed for dry matter chromium and ergot alkaloid 
concentrations. Tympanic temperatures were taken from one calf for 3 days each week 
from d 59 to d 84. Data were analyzed using the MIXED procedure in SAS with contrasts 
of effects of MTB, level of SH supplementation (LEVEL), MTB x LEVEL interaction, 
and CON vs. supplemented (SUPP). Treatments differed in ADG (P < 0.01) with LEVEL 
affecting weight gains (P < 0.01). Supplemented calves had increased weight gains 
compared to CON (P < 0.01). Supplementation increased gain per hectare (P < 0.01) and 
was influenced by LEVEL (P < 0.01). Control calves excreted higher concentrations of 
ergot alkaloids than SUPP (P < 0.01). Forage and total DMI increased as a result of 
supplementation (P < 0.01). Prolactin levels differed among the treatments on d 63 and 
84 (P < 0.01) with increases attributed to LEVEL (P < 0.05). There were differences 
between CON and SUPP (P < 0.01) on d 63 and 84, where SUPP increased prolactin 
concentrations to twice that of CON. Tympanic temperatures were similar among 
treatments (P > 0.05); daily maximum temperatures and diurnal range differed among the 
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treatments (P < 0.01). SUPP animals had lower maximum temperatures and decreased 
diurnal range compared to CON (P < 0.01). These findings indicate that SH 
supplementation can lessen the severity of fescue toxicosis; however, glucomannan fed at 
the current level only affected tympanic temperature. 
 vi
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 Tall fescue (Lolium arundinaceum Schreb. S.J. Darbyshire = Festuca 
arundinacea Schreb.) is one of the most important forage species in the United States. 
Reports indicate that tall fescue covers over 14 million hectares in the U.S. (Realini et al., 
2005) and supports 8.5 million cattle and 688,000 horses (Paterson et al., 1995). It is 
considered to be the most abundant cool-season grass in the southeastern United States 
(Paterson et al., 1995, Ball et al., 2002). Soon after the release of the original cultivar, 
‘Kentucky 31’ (KY-31), in the 1940s, it was discovered that animals grazing this forage 
did not perform as well as animals grazing other types of forage. The main conditions 
associated with tall fescue consumption are agalactia and fescue toxicosis  and with 
minor conditions of fescue foot and fat necrosis  (Paterson et al., 1995, Ball et al., 2002). 
Economic losses to the beef industry as a result of these syndromes and reproductive 
impairment are reported to be between $500 million and $1 billion dollars annually with 
additional losses to the equine industry being difficult to estimate (Corals, 2000). 
  The focus of this research was to examine the efficacy of energy 
supplementation to dilute the toxins and the use of a modified oligosaccharide, 
glucomannan, to prevent uptake of the toxins in the gastrointestinal tract of growing 
calves. The main components of this research involved investigating animal weight gains, 
endocrine effects (prolactin), hyperthermia, and fecal excretion of toxins as affected by 







 Tall fescue (Lolium arundinaceum Schreb. S.J. Darbyshire) is a cool-season, 
perennial, bunchgrass that is recognized for its longevity. This grass species is native to 
Europe and North Africa (Hannaway et al., 1999) but was probably transported to the 
North and South Americas as a contaminant in other grass seeds (Ball et al., 2002). Tall 
fescue was discovered in Menifee County, Kentucky in 1931 by E.N. Fergus, a professor 
at the University of Kentucky. ‘Kentucky 31’ was the original commercial cultivar and 
was released in 1943. Soon after it was made public, tall fescue gained popular approval 
and filled a niche in the lower Midwest and the upper South where other cool season, 
perennial grasses were maladapted (Ball et al., 2002).  
Distribution and Adaptation 
 Tall fescue is currently distributed throughout the United States (USDA, 2005) 
but is ideally suited to humid, temperate areas in the transition zone between zones where 
cool-season and warm-season grasses are grown. This area ranges from Virginia west to 
eastern Oklahoma and extends from southern Ohio down to central Alabama, thus 
including most of the Southeast (Hannaway et al., 1999). This region is between 32oN 
and 40oN latitude and from 95oW longitude extending to the Piedmont area (Sleper and 
Buckner, 1995). It is also found in the Pacific Northwest, the Intermountain West, and in 
some northeastern states (Hannaway et al., 1999). Tall fescue is found in South America, 
Australia, and New Zealand. In the United States, this grass can be found at elevations 
ranging from 135 to 2,652 m (Walsh, 1995). It has been reported that tall fescue now 
inhabits 14.2 million hectares throughout the United States (Ball et al., 2002) and 
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approximately 10.1 million hectares in the east-central and southeastern United States 
(Hannaway et al., 1999).  
 Tall fescue is ideally adapted to deep, moist soils with heavy to medium texture 
and high organic matter content. This grass can be found on a range of soils with varying 
pH (Sleper and Buckner, 1995; Ball et al., 2002; Hannaway et al., 1999). It can tolerate 
highly acidic (pH 4.7) or strongly alkaline (pH 9.5) soils (Hannaway et al., 1999). Tall 
fescue is adapted to survive on poorly drained soils and will even tolerate flooding 
(Hannaway et al., 1999; Sleper and Buckner, 1995). Tall fescue requires a minimum of 
375 to 450 mm annual precipitation with some areas that have characteristically high 
evapo-transpiration requiring 900 mm annual precipitation for tall fescue to thrive 
(Hannaway et al., 1999). 
Uses 
 Tall fescue is vital forage for livestock systems being used for pasture for all 
classes of livestock and is widely used in cow-calf production systems in the transition 
zone (Ball et al., 2002; Hannaway et al., 1999). Tall fescue provides lush, succulent 
forage in the spring, and autumnal stockpiling can extend the grazing season in such 
systems. In addition, livestock producers harvest tall fescue receiving yields of 13.5 to 
15.7 metric tons/ha. (Hannaway et al., 1999). 
 Tall fescue has two basic growing periods; vernal and autumnal. The vernal 
period can begin in early March and continue through late June. The autumnal typically 
extends from September to December (Ball et al., 2002). Greatest yield of tall fescue 
generally occurs during the spring with declining biomass during the summer months 
(Dubbs et al., 2003; Sleper and Buckner, 1995). Increasing maturity of tall fescue 
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decreases crude protein (CP) and rumen degraded protein, while neutral detergent fiber 
(NDF) and acid detergent fiber (ADF) increase with maturity (Feiser and Vanzant, 2004, 
Dubbs et al., 2003). However, Dubbs et al. (2003) found that while this does occur with 
clipped samples, masticated samples had declines in CP from April to June, but CP 
concentrations increased to a relatively steady state from June to October.  Tall fescue 
can also withstand heavy grazing, particularly when soils are fertile and have adequate 
moisture (Hafenrichter et al., 1968). Fall swards of tall fescue resume growth and provide 
quality forage for grazing animals (Sleper and Buckner, 1995). Accumulated autumnal 
growth of tall fescue can maintain herbage mass; however, nutritive value declines 
slowly during the late winter months (Kallenbach et al., 2003).  To optimize quality of 
hay and silage, it is best to harvest tall fescue while in the boot stage (Feiser and Vanzant, 
2004). Delaying harvest to early bloom will indeed increase yield, but the quality will 
decline (Hannaway et al., 1999, Feiser and Vanzant, 2004). 
 Tall fescue has become a sought-after turfgrass, particularly in the transition 
zones in the United States and throughout the world. This acceptability can be attributed 
to tall fescue’s dense tiller systems and the increased pest resistance by endophyte-
infected (EIF) cultivars (Hannaway et al., 1999). Additionally, tall fescue has been used 
as ground cover and for erosion control. Its dense, fibrous root systems decrease erosion, 
promote water permeation of soils, and improve soil structure; this results from heavy 
root production by tall fescue (7846 kg/ha). Even under intense management practices, 
tall fescue can maintain 5,604 kg of roots per hectare (Hafenrichter et al., 1968). Tall 
fescue can effectively rehabilitate and stabilize disturbed sites as well (Hannaway et al., 
1999). High aluminum concentrations have inhibited the usefulness of tall fescue as a 
 6
rehabilitative species, but increased levels of phosphorous improved tall fescue 
performance. Tall fescue was most tolerant of high levels of manganese (32ppm) and low 
pH (4.6). Mine spoils having these latter characteristics may benefit from tall fescue 
cultivation (Fleming et al., 1974).  
NEOTYPHODIUM COENOPHIALUM 
Symbiosis with Tall Fescue 
The endophytic-fungus, Neotyphodium coenophialum,  which co-evolved with the 
tall fescue plant, greatly contributes to the fitness of the plant and generates resistance in 
tall fescue to a variety of biotic and abiotic stressors. This is an asexual fungus found in 
the interstitial space of the shoot (Malinowski et al., 2005) that is entirely dependent upon 
the plant for its survival and distribution (Malinowski and Belesky, 2000). While the 
plants supply nutrients to the endophyte, the fungus in turn generates defensive toxins to 
insure the safety and persistence of the symbiotum. These fungal metabolites include 
ergot alkaloids, peramines, and loline alkaloids (Malinowski and Belesky, 2000). These 
toxins effectively increase resistance in tall fescue to a variety of biotic and abiotic 
stressors. 
Much is known of the herbivory-deterrence produced by these metabolites. 
Endophyte-infected tall fescue (EIF) has been found to have greater resistance to several 
insect and invertebrate species that feed upon the aerial portions of the plant (i.e., fall 
armyworm, the wheat aphid, and black beetle). Endophyte-infected tall fescue has 
demonstrated the ability to deter feeding behavior of subterranean herbivores such as root 
feeding aphids and white grubs. The latter occurs even though most of the fungal growth 
is usually in the aerial portions of the plant. But still there are some herbivorous species, 
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such as the Japanese beetle and larvae of the fall armyworm, where studies are equivocal 
with regards to anti-herbivory potential (Popay and Bonos, 2005).  
The metabolites of this endophytic-fungus give a competitive advantage to tall 
fescue over other forage species. Endophyte-infected tall fescue has been shown to 
withstand heavy grazing pressure and increase infestation levels in mixed, seeded 
pastures of EIF and endophyte-free tall fescue (EFF) (Gwinn et al., 1998). The presence 
of the endophyte not only encourages larger and more numerous tiller and root 
development, but loline alkaloids have evidenced allelopathic characteristics toward 
white clover (Trifolium spp.), thereby decreasing its seed germination (Malinowski and 
Belesky, 2000).    
Drought resistance is a hallmark of tall fescue. Endophyte-infected tall fescue 
cultivars survive drought better than EFF varieties and other grass and legume species. 
This is due in part to EIF cultivars developing deeper, more extensive root systems with 
greater mass, stomatal closure to control evapo-transpiration, and increased water holding 
capacity of tillers. Endophyte-infected cultivars have also been found to accumulate non-
structural carbohydrates and other metabolites during times of drought to function as 
osmoregulators (Malinowski and Belesky, 2000). Endophyte-infected tall fescue can 
withstand greater oxidative stress during drought by producing phenolic compounds 
which are known to be antioxidants (Malinowski et al., 2005). 
The symbiosis increases nutrient and mineral uptake for the tall fescue plant 
(Malinowski and Belesky, 2000). Endophyte-infected cultivars have greater response to 
nitrogen fertilization than the EFF or low endophyte (E-low) cultivars. The endophytic- 
fungus symbiosis increases efficiency of nitrogen utilization in the plant, creating 
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increased herbage, number of tillers, and greater amino acid content. In fact, at similar 
nitrogen fertilization levels, the EIF cultivars can produce 50 to 100% greater biomass 
than the EFF cultivars (Malinowski and Belesky, 2000). 
The endophytic-fungus benefits the plant at low to medium phosphorus (P) 
fertilization levels resulting in increased root and shoot dry matter and lengthened root 
systems. However, at high P levels the presence of the endophyte was detrimental to the 
plant causing the EFF cultivars to perform better than the EIF cultivars. It has also been 
shown that increasing levels of P can increase ergot alkaloid production (Malinowski and 
Belesky, 2000). 
Endophyte-infected cultivars of tall fescue have been shown to localize aluminum 
(Al) to their root systems allowing them to be more tolerant of high Al soils. While EIF 
cultivars produced less dry matter than the EFF cultivars at high Al soil levels, Al content 
in the root systems of EIF tall fescue was greater than EFF (Malinowski and Belesky, 
2000). While the endophyte produces mineral stress tolerance, it can also lead to a 
deficiency in copper uptake, potentially causing a similar deficiency in animals grazing 
tall fescue (Malinowski et al., 2005). 
The presence of the endophyte can influence soil mineral content. Endophyte-
infected cultivars were found to increase soil nitrogen and organic carbon content under 
high fertilization (Franzluebbers and Stuedemann, 2005), and increase soil microbial N, 
and to decrease the amount of nitrogen (N)  found as nitrate in the soil over the EFF 
cultivars. This would indicate that EIF tall fescue can preserve soil N and avoid leaching 
(Franzluebbers and Hill, 2004). A study by Shomberg and coworkers (2000), indicated 
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that EIF pastures increase soil phosphorus and magnesium content above the EFF 
control. 
MAMMALIAN RESPONSE 
Effects on Animal Performance 
 The symbiotic relationship between tall fescue and the endophytic-fungus has 
provided numerous, desirable, agronomic characteristics for the plant. These undoubtedly 
led to the popularity of this cool-season grass. Shortly after its commercialization, 
however, producers began to find that tall fescue did not meet their expectations for 
animal performance. Unfortunately, decades passed before the connection was made 
between the endophytic-fungus and poor animal productivity. 
 Widespread research has been done to evaluate weight gain of beef steers during 
the summer months when the toxicosis is most pronounced. Studies indicate that steers 
grazing tall fescue with the endophytic-fungus had decreases in average daily gains that 
ranged from 30 to 100%. There is an inverse relationship that exists between the level of 
endophytic-infestation within a pasture and weight gain of grazing animals (Paterson et 
al., 1995).  
Cow-calf production is adversely affected by dams grazing EIF tall fescue. Brood 
cows that consumed EIF tall fescue had decreased weight gains or more dramatic weight 
losses than cows grazing EFF tall fescue. Additionally, the fungal metabolites negatively 
affected weaning weights of calves that nursed dams consuming EIF. This may be due to 
reduced milk production by the dams; in fact, reports indicate that EIF tall fescue reduces 
milk production by 25% compared to animals grazing EFF pastures  (Paterson et al., 
1995).  
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Dry Matter Intake 
 The decreased animal performance may be due in part to herbivory deterrence 
with animals preferring endophyte-free grasses to those with the endophyte (Paterson et 
al., 1995). Results of a study by Aldrich and coworkers (1993) indicated that dry matter 
intake (DMI) was decreased by as much as 13% for steers consuming EIF tall fescue in 
comparison to EFF. This was also confirmed by Matthews and coworkers (2005) who 
found that EIF tall fescue fed to beef steers decreased actual DMI and DMI as a percent 
of animal body weight by 10% compared to non-ergot alkaloid producing and EFF 
cultivars. Heifers show a preference for EFF hay as well with DMI as a percentage of 
body weight increased by 23 percentage units above the EIF hay (Humphry et al., 2002). 
A similar experiment conducted by Burns and Fisher (2006) reported that endophyte 
status did not affect dry matter intake in cattle and sheep. However, goats consuming EIF 
had 0.2 % less DMI as a percent of body weight compared to goats consuming tall fescue 
infected with a novel endophyte (NIF). 
Grazing Behavior 
 The decrease in DMI that occurs when animals consume EIF is explainable by 
differences in animal grazing behavior.  A study by Seman and coworkers (1997) 
indicated that grazing time for cattle consuming EIF tall fescue ranged from 69 to 83% of 
the grazing times for cattle on EFF. A study by Parish and others (2003) revealed similar 
results during spring and early summer (April to June), but differences were not apparent 
in September. Animals on EFF exhibited more time lying down and less time standing 
than their counterparts that consumed EIF (Seman et al., 1997, Parish et al., 2003). In 
comparisons of EIF, NIF, and EFF, cattle not consuming the ergot alkaloids were 
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observed to have more prehensions per day and increased rumination time as well (Parish 
et al., 2003). Cattle consuming EFF have been found to be more active and moved 
through more zones in the pasture per hour than those cattle grazing the EIF. This was 
due in part to solar radiation and temperatures. As solar radiation and environmental 
temperatures increased, grazing time of steers on EIF decreased. This resulted in steers 
on EIF pastures generally stopping grazing at 1200h, whereas those steers grazing EFF 
continued to graze throughout the day (Seman et al., 1991). Other research has shown 
that steers on EIF pastures typically graze more during the night (Coffey et al., 1991); 
however, it appears that they still consume less overnight than cattle on tall fescue 
without ergot alkaloids (Corrigan, 2005).   
This grazing tendency is not exclusive to ruminants. In a study by Rachuonyo and 
associates (2005), gilts given free choice access to tall fescue, buffalograss (Buchloe 
dactyloides), alfalfa (Medicago sativa), and white clover (Trifolium repens) preferred the 
legumes to both the grasses. Interestingly, the tall fescue affected the behavior of swine. 
Gilts spent significantly less time grazing tall fescue than the legumes and numerically 
much higher amounts of time lying down.  Sprague-Dawley rats also responded with 
decreased DMI when fed EIF tall fescue compared to EFF tall fescue (Spiers et al., 
2005). 
Digestibility 
 Poor digestibility has been implicated as a component of fescue toxicosis that 
contributes to decreased animal weight gains; however, results from several studies are 
indeterminate (Paterson et al., 1995). Matthews and coworkers (2005) found that in vitro 
true dry matter digestibility (IVTDMD) was similar for EIF, NIF, and EFF tall fescue. 
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However, another study by Burns and Fisher (2006) indicated EIF had a greater decrease 
in IVTDMD compared to NIF and EFF. Equally enigmatic was the finding by Humphry 
and associates (2002) that in situ dry matter (DM) and NDF disappearances were greater 
for EIF tall fescue compared to EFF, with similar ruminal degradation rates. Results of in 
vivo experiments reveal that EIF has reduced organic matter (OM), CP (Matthews et al., 
2005), and ADF digestibilities (Humphry et al., 2002; Matthews et al., 2005). Results of 
some studies indicate that presence of ergot alkaloids decreases NDF digestibility 
(Hannah et al., 1990, Humphry et al., 2002); however, results from a study by Matthews 
and coworkers (2005) indicated no differences due to endophyte-status of tall fescue 
cultivars. Some evidence is supportive that endophyte status affects digestibility of 
supplements as well. Corrigan (2005) evaluated in situ disappearance of DM, NDF, ADF, 
and CP of EIF, EFF, and NIF and found that EIF tall fescue reduced CP disappearance 
and tended to reduce DM, NDF, and ADF disappearance for alfalfa. With corn, DM, 
NDF, and CP disappearances differed, but ADF disappearance was similar. With corn 
gluten feed, no differences were found; however, DM, NDF, and ADF disappearance 
tended to differ with endophyte status. 
ENDOCRINE EFFECTS 
Bioactivity of Ergot Alkaloids 
 Neotyphodium coenophialum produces ergot and loline alkaloid toxins. The 
former is the most documented and considered to be the most bioactive in tall fescue 
toxicoses. Therefore, the focus of this discussion will be on the ergot alkaloids. These 
alkaloids begin with tryptophan and mevalonate and through a series of 
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biotransformations eventually form lysergic acid, with all ergot alkaloids sharing this 
moiety.  
Through modifications of peptide and amino acid substituents, the ergopeptines 
are formed. The ergopeptines make up the majority of the ergot alkaloids and are 
considered to be the most toxic (Schardl and Panaccione, 2005).  Ergovaline is the most 
predominant, and other ergopeptine alkaloids share a similar structure to it.  
Rumen microorganisms play a role in detoxifying these alkaloids by removing the 
peptide moieties leaving the precursory lysergic acid ring structure (Weimer, 1998). Hill 
and associates (2001) used parabiotic chambers to examine sites of transport of ergot 
alkaloids. These investigators found that most alkaloids are transported across the rumen, 
with lysergic acid transported in greatest quantity.  Similarities between the primitive 
structure of the ergot alkaloids and the biogenic amines (epinephrine, norepinephrine, and 
dopamine) are the primary cause of this toxicity (Hill, 2005). 
Vasoconstriction 
 Given the similarities in structure to the catecholamines, one would expect the 
ergot alkaloids to function as agonists to catecholaminergic receptors. There is evidence 
to suggest that the alkaloids selectively target the alpha-2 adrenergic, serotonin-2, and 
dopaminergic receptors of microvasculature resulting in substantial vasoconstriction (see 
reviews by Oliver, 1997, 2005). This was illustrated in a study by Rhodes and coworkers 
in 1991 who used radioactive microspheres to evaluate blood flow to various organs and 
tissues in wethers and steers consuming EIF. They reported numerical decreases in blood 
flow for 78% of the tissues tested, with significant decreases in leg skin, adrenal, and 
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duodenal tissues for wethers consuming EIF compared to those consuming EFF. 
Hyperthermia 
Investigators have found that steers consuming EIF had increased rectal 
temperatures, but similar skin temperatures to EFF steers signifying that EIF induced 
vasoconstriction resulting in decreased heat transfer to the periphery (Rhodes et al., 
1992). This was further investigated by Al-Haidary and associates (2001) who evaluated 
the effects of consumption of EIF and heat stress on core, peripheral, and rectal 
temperatures as well as heat production, skin, and respiratory vaporizations of beef 
heifers. They found that core body temperature exhibited a circadian rhythm under 
thermo-neutral conditions (21oC), with highest (39.0oC) and lowest temperatures (38.6 
oC) occurring at 2300 and 1300 h, respectively. With increases in ambient temperature to  
31oC without interference from toxins, normal heifers increased core and skin 
temperatures with concomitant increases in respiration rates and skin and respiratory 
vaporizations; however, consumption of EIF disrupted this association. Heifers 
consuming the EIF had elevated core temperature compared to those on EFF, particularly 
during the nighttime hours, as well as increased respiration rates. However, there was no 
effect of EIF consumption on respiratory and skin vaporizations, skin temperatures, nor 
heat production.  
The above results are indicative of vasoconstriction of the peripheral vessels 
leading to the insufficiency of heat transfer. Such a deficit in heat loss would ultimately 
lead to an accumulation of core body heat causing appetite suppression with animals 
attempting to control metabolic heat production and to maintain homeothermy; 
particularly during elevated ambient temperatures (> 32oC). Cattle not exposed to such 
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climatic stress appear to have similar appetites when comparing consumption of EIF and 
EFF. This was evidenced by Emile and others (2000), who evaluated forage intake, rectal 
temperature, prolactin concentration, and animal performance for heifers consuming EIF 
hay compared to those on EFF. These scientists reported no differences in forage intake, 
rectal temperature, or behavior among animals consuming hay diets indicating that 
without heat stress, animals exhibit similar feeding habits. While Emile et al. (2000) 
found there was a 10% decrease in animal performance, this was still less than typical 
losses reported by others, as reviewed by Paterson and coworkers (1995). 
Prolactin 
 Prolactin is a hormone secreted by lactotrophs in the anterior pituitary that 
stimulates lactogenesis and milk secretion in females, and increases receptor numbers in 
Leydig cells involved in spermatogenesis in males. The release of prolactin is mediated 
by dopamine secreted by hypothalamic neurons (Greenstein, 1994).  Ergot alkaloids 
function as agonists to dopaminergic receptors (Larson et al., 1999, Samford-Grigsby et 
al., 1997) disrupting intracellular signaling and leading to suppressed prolactin release 
(Strickland et al., 1992).   
Hypoprolactinemia is a customary indicator of tall fescue toxicosis (Paterson et 
al., 1995). This condition was demonstrated by Aldrich and associates (1993) who 
discovered that animals consuming an EIF diet had decreased serum prolactin 
concentrations compared to those on an EFF diet (53.0 vs. 91.4 ng/mL). This occurred 
regardless of whether they were exposed to thermo-neutral conditions (22oC) or to heat 
stress (32oC). Aldrich et al. (1993) postulated that decreased prolactin levels were 
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symptomatic of subclinical toxicosis that was exacerbated to clinical status during heat 
stress.  
ENERGY SUPPLEMENTATION 
Nutrient Quality of Tall Fescue 
According to estimates by the National Research Council (NRC), fresh tall fescue 
is sufficient in crude protein (CP) for growing cattle, but energy content of the forage 
limits performance. However, with the high rumen degradability of protein in tall fescue 
(98%), this leads to protein waste for microbial protein synthesis (NRC, 1996). 
Energy and Nitrogen Utilization 
In forage-based diets, the majority of protein entering the duodenum comes from 
microbial protein synthesis in the rumen. Proteolysis in the rumen degrades intake 
proteins to ammonia (NH3) which then are assimilated by rapidly growing rumen 
microorganisms into microbial crude protein. Energy (ATP) is required to fuel the 
anabolism of these peptides (Owens and Zinn, 1988). However, in forage-based diets, 
low energy levels prohibit optimum utilization of ammonia nitrogen (NH3-N), and much 
is lost by ruminal absorption. While a fraction of this N can be recycled back to the 
rumen, the majority is excreted in the urine (Owens and Zinn, 1988). These factors often 
cause forage-based diets to be inadequate to meet high production demands (Horn and 
McCollum, 1987). The goal of energy supplementation is to supply adequate total 
digestible nutrients (TDN) to increase N utilization by rumen microorganisms. Recent 
evidence suggests that soybean hulls are effective in improving N utilization for tall 
fescue diets. Richards et al. (2006) found that supplementation of tall fescue with 
soybean hulls decreased rumen ammonia and increased microbial N flow to the 
 17
duodenum and total tract N disappearance.  Soybean hulls have also been shown to 
increase N retention in beef steers when provided as a supplement to tall fescue (Feiser 
and Vanzant, 2004).  
Energy and Forage Intake 
 Energy supplementation of high quality forages has been shown to decrease 
voluntary forage intake. In a review by Moore et al. (1999), it was concluded that when 
the ratio of TDN:CP in forages is less than seven, then forage intake may be suppressed 
by energy supplementation. With a ratio of 4.07 (NRC, 1996), supplementation of tall 
fescue has been shown to decrease forage intake (Richards et al., 2006; Feiser and 
Vanzant, 2004; Elizalde et al., 1998). While supplementation decreased forage intake, 
overall organic matter intake (OMI) was unaffected (Elizalde et al., 1998) or actually 
increased compared to control (Richards et al., 2006; Feiser and Vanzant, 2004, 
Forcherio et al., 1995). These decreases in forage utilization can be advantageous to 
extend forage resources during the senescent phase of tall fescue. 
MTB-100®
Yeast Cell Wall Components 
A proprietary product, MTB-100® (Alltech, Inc., Nicholasville, KY), is derived 
from yeast (Sacchromyces cerevisiae) production and is primarily the yeast cell wall.  
Components of the cell wall are β (1→3) and β (1→6) glucans, chitin, and 
mannoproteins which interact covalently and non-covalently with each other to form an 
extracellular lattice (Lipke and Ovalle, 1998). This matrix comprises 15 to 30% of the 
cell dry matter and 25 to 50% of the cell’s volume. The β (1→3) glucan is the central 
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component of the framework, making up 50% of the cell wall’s mass, followed by 
mannoproteins making up 40% (Lipke and Ovalle, 1998).  
These mannoproteins are highly glycosylated polypeptides (50 to 95% 
carbohydrates) where the oligosaccharides are N-linked to asparagine residues of the 
protein and have a core structure of 10 to 14 mannose units with two acetylated glucose 
side chains. These N-linked glycans can make a significant contribution (25 to 50%) to 
the overall size of the glycoprotein (100 to 200 kDa). In addition, there are glycosidic-
linkages of oligosaccharides (1 to 5 mannosyl residues) to serine and threonine residues 
which form short, inflexible protrusions from the glycoprotein. Together, this complex is 
anchored into the lipid bilayer by a glycosyl phosphatidlyinositol (GPI) anchor (Lipke 
and Ovalle, 1998).    
Adsorption of Toxins 
 The esterfied glucomannan of this product has been evaluated as a potential 
bioadsorbant for fungal toxins. However, the mechanism for such binding remains to be 
elucidated. The author presumes with such extensive glycosylation, glucomannan would 
be capable of extensive non-covalent interactions allowing toxins to be sequestered in 
tracto. Studies have evaluated the efficacy of glucomannan to ameliorate Fusarium 
mycotoxicosis in monogastrics by feeding the oligosaccharide in contaminated diets.  
Some findings are supportive that supplementing glucomannan to the diet does not alter 
feed consumption or weight gain of swine (Swamy et al., 2002; Swamy et al., 2003), and 
further that by supplementing higher levels (0.10 and 0.20% of the diet) of the product, 
weight gain (Swamy et al., 2002) and feed efficiency (Swamy et al., 2003) were less than 
in pigs receiving contaminated diet alone. However, other evidence is supportive that 
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glucomannan can improve feed intake in horses (Raymond et al., 2003). Results of 
studies utilizing glucomannan showed some potential to alter neurotransmitter 
concentrations (dopamine; 3,4-dihydroxyphenylactic acid, norepinephrine, 5-
hydroxytryptamine, and 5-hydroxyindoleacetic acid) in both swine and poultry, which are 
often depressed by Fusarium mycotoxins leading to decreased feed intake (Swamy et al., 
2002; Swamy et al., 2004).  
 Other studies have evaluated the efficacy of this oligosaccharide to lessen 
symptoms of fungal toxicoses in ruminants. In an experiment by Diaz and associates 
(2004), lactating dairy cows were fed diets contaminated with aflatoxin B1 and fed 
sequestering agents composed of activated carbons, bentonite, and MTB-100®. 
Appearance of aflatoxin M1, a metabolite of aflatoxin B1, in milk was measured as an 
indicator of inhibition of toxin absorption. Their findings were supportive that 
glucomannan had the ability to reduce aflatoxin M1 concentrations in milk by 58.5% 
when compared to the control. They also found that MTB-100® performed as well as SA-
20® (Westvaco, Covington, VA), an activated carbon product in reducing appearance of 
toxins in milk. 
 Recent studies have begun to evaluate the use of glucomannan to alleviate tall 
fescue toxicosis. Results of an in vitro experiment using yeast cell wall preparation 
(YCWP) showed a 10 to 20% reduction in ergovaline toxicity in undifferentiated cells 
when YCWP was added to solution at 0.05%, but found no alteration at 0.10% (Shappell 
and Billey, 2004). Animal studies have yielded equivocal results as well. Aaron and 
coworkers (2004) fed cow/calf pairs increasing levels of FEB-200® (Alltech, 
Nicholasville, KY), a similar product with glucomannan, and found there was a linear 
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increase in calf weight gain during fall grazing along with overall calf weight gains. They 
further evaluated the usefulness of this product to affect tympanic temperature and found 
supplementation at 30 g·hd-1·d-1 decreased tympanic temperatures during July when 
compared to the control animals. However, in August no significant effect on temperature 
was observed. Results of more recent studies show that supplementation of glucomannan 
to steers grazing EIF can enhance the ability of liquid supplements to improve animal 
performance. However, improvement above unsupplemented animals was not observed 
(Gunter et al., 2006). In a companion study, this group found that the MTB supplement 
did not affect animals’ extra-grazing behaviors such as drinking, standing, or lying down; 
however, they did find that supplementation with glucomannan reduced time spent 
grazing by 5 percentage units when compared with the controls, but this was still greater 
than supplemented animals receiving no glucomannan (Shockey et al., 2006). 
OTHER TREATMENTS 
 It seems that the most effective treatment to alleviate tall fescue toxicosis is to 
remove animals from the toxic forage. Endophyte-free varieties of this grass can improve 
animal performance, but producers still prefer the agronomic advantages of EIF. Recent 
developments in tall fescue cultivars have resulted in commercialization of cultivars 
infected with a non-toxic endophyte (NIF) with similar positive agronomic traits to EIF 
along with improved animal performance (Matthews et al., 2005; Nihsen et al., 2004; 
Parish et al., 2003).  However, producers may be reluctant to replant long-established EIF 
swards, particularly in highly erodible terrain. Another consideration is the initial 
investment. Gunter and Beck (2004) estimate establishment cost at $988.66/ha. Their 
estimations lead them to conclude that if beef producers receive no discounts at market, it 
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would take seven years to break even on the initial investment. Managing EIF pastures to 
minimize seedhead formation, and removing animals from grazing EIF during the 
summer months, have also proven effective at mitigating tall fescue toxicosis (Paterson et 
al., 1995). 
 Other research has shown that interseeding EIF pastures with legumes or other 
grasses can mitigate tall fescue toxicosis (Paterson et al., 1995). Compiled results from 
several studies indicated that addition of clover species to EIF pastures can improve ADG 
of beef cattle (Thompson et al., 1993). Reports indicate that addition of clover can 
improve steer daily weight gains by 20% to 130% (Bouton et al.,2003; Andrae et al., 
2003). These improvements are predicated upon the level of endophyte infestation among 
the cultivars. At low infestation levels (< 5% EIF), addition of clover improved animal 
performance by 0.13 kg/d; however, at higher levels (> 50% EIF), addition of clover did 
not improve animal performance (Thompson et al., 1993). Results of another study 
showed that addition of clover to pastures with high infestation levels (74%) improved 
animal performance with intermediate rectal temperature to high infestation (76%) alone 
or low infestation (0.7%) (McMurphy et al., 1990).  
 Cost of renovating EIF pastures with white and red clovers has been estimated at 
$279.43/ha (UT Agric. Econ., 2006a).  But it has been suggested that addition of a clover 
in EIF pastures in Tennessee can replace 66.9 kg N/ha; therefore, if N cost is estimated at 
$0.55 per kg, this replacement could result in a savings of $36.86 per hectare annually 
(Bates, 2005). Results indicate that addition of clover to EIF can improve weight gain per 
hectare by approximately 129 kg/ha (Bouton et al., 2003) compared to EIF alone.  
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Other research has examined the efficacy of nutrient supplementation to 
ameliorate performance loss associated with this toxicity.  Energy and protein 
supplementation has shown positive results in animal weight gains when fed to growing 
cattle (Elizalde et al., 1998). Results of another study showed nutrient supplementation to 
be ineffective at altering body weight in cow/calf pairs but increased calf milk intake 
when compared to the EIF control group (Forcherio et al., 1995). 
SUMMARY 
 Endophyte-infected tall fescue has many positive agronomic characteristics; 
however, its symbiont produces potent toxins that are powerful vasoconstrictors capable 
of inhibiting peripheral blood flow. This lessens the animal’s ability to dissipate heat 
resulting in compensatory behaviors by the animal to decrease metabolic heat production 
including decreased dry matter intake. Such nutrient reduction ultimately leads to 
decreased animal performance and producer profitability.  
 While other treatments have proven to be effective in alleviating tall fescue 
toxicosis (particularly pasture renovation), alternatives to provide producers who are 
unwilling or unable to re-establish endophyte-free or non-toxic endophyte pastures 
should be investigated. Energy supplementation and bioadsorbents have been shown to 
improve animal performance and lessen fungal toxicities. Based on this previous 
research, we hypothesize that by supplying additional energy and glucomannan to the 
diets of growing beef cattle we will be able to mitigate the signs of tall fescue toxicosis 
and improve animal performance. 
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PART III 
SUPPLEMENTATION OF ENERGY AND GLUCOMANNAN TO ALLEVIATE 
TALL FESCUE TOXICOSIS I: PERFORMANCE AND FORAGE UTILIZATION
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ABSTRACT 
An 84 d randomized block design using 96 weaned beef calves (238.8 + 20.1 kg) in each 
of two consecutive years was used to assess the efficacy of energy supplementation and 
glucomannan (MTB) to alleviate tall fescue toxicosis. Groups of four calves were 
randomly assigned to 24 endophyte-infected tall fescue pastures (1.23 + 0.06 ha). 
Pastures were blocked into four groups of five pastures (all treatments) and one group of 
four pastures (lacks negative control) based on previous pasture productivity. Each 
pasture of calves was randomly assigned to one of five treatments: 1) no supplementation 
(CON); 2) supplemented with soybean hulls (SH) at 0.33% BW (DM basis; LO); 3) 
supplemented with SH at 0.66% BW (DM basis; HI); 4) LO plus 20 g·hd-1·d-1 MTB-100® 
(LO-MTB); and 5) HI plus 20 g·hd-1·d-1 MTB-100® (HI-MTB). Calves had free-choice 
access to water and a loose vitamin/mineral mix. Calves were weighed every 21 days in 
the AM prior to feeding, with the initial and final weights being an average of two 
consecutive days. Forage clip samples were taken every 21 days to determine nutrient 
composition and forage availability. Data were analyzed using the MIXED procedure in 
SAS with contrasts of main effects of MTB, level of SH (LEVEL), MTB x LEVEL 
interaction, and CON vs. supplemented (SUPP). There was no interaction between 
LEVEL and MTB (P > 0.10). Initial weights were similar among treatment groups (P > 
0.10). Final body weight and overall ADG was different among the treatments (P < 0.01), 
with LEVEL mainly contributing to the weight gains (P < 0.01), and MTB having no 
significant impact (P > 0.10). Supplemented calves had increased weight gains compared 
to CON (P < 0.01). These finding demonstrate that SH supplementation can lessen the 
severity of fescue toxicosis; however, glucomannan fed at the current level is ineffective. 
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INTRODUCTION 
 Tall fescue (Lolium arundinaceum Schreb. S.J. Darbyshire = Festuca 
arundinacea Schreb.) is the most abundant cool-season grass in the southeastern United 
States (Paterson et al., 1995, Ball et al., 2002).  However, the symbiosis with an 
endophytic fungus, Neotyphodium coenophialum, leads to the production of ergot 
alkaloids resulting in decreased animal weight gains when compared to endophyte-free 
tall fescue (EFF) (Paterson et al., 1995). This condition is referred to as tall fescue 
toxicosis and estimates of potential economic loss to the beef industry as a result of 
decreased weight gain and reproductive impairment resulting from this syndrome are 
reported to be between $500 million and $1 billion annually (Corals, 2000). 
In forage-based diets, most protein entering the duodenum comes from microbial 
protein synthesis in the rumen. Low energy levels of these diets prohibit optimum 
utilization of ammonia nitrogen leading to loss by ruminal absorption (Owens and Zinn, 
1988).  However, energy supplementation of tall fescue has been used successfully to 
improve weight gains of cattle grazing endophyte-infected tall fescue (EIF) (Elizalde et 
al., 1998). 
The proprietary product, MTB-100® (Alltech, Inc., Nicholasville, KY) is derived 
from yeast (Sacchromyces cerevisiae) production and contains glucomannan which is 
believed to act as a bioadsorbent of toxins in the gastrointestinal tract leading to their 
elimination in the feces.  Glucomannan has been used with limited success in alleviating 
tall fescue toxicosis in lactating beef cows grazing tall fescue (Ely et al., 2003). 
The objectives of this experiment was to assess the efficacy of fibrous energy 
supplementation to improve calf weight gains and the use of glucomannan (MTB) to 
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prevent uptake of the toxins in the gastrointestinal tract of weaned calves. The main 
components of this research involved examining animal weight gains and forage 
availability and utilization as affected by energy supplementation and glucomannan. 
MATERIALS AND METHODS 
Forage Management 
 In 2003, twenty-four pastures (1.23 + 0.06 ha) at the Middle Tennesse Research 
and Teaching Center (Spring Hill, TN) were used for this experiment. They were 
subjected to chemical fallow (Gramoxone Extra 7, AstraZeneca US, Wilmington, DE)  
and were renovated with ‘Jesup’, endophyte-infected (EIF), tall fescue (Lolium 
arundinacea Schreb.) which was procured from a single lot of seed (Pennington Seed, 
Madison, GA). Pastures were fertilized with 68.05 kg N/ha yearly prior to the initiation 
of the experiment in order to maintain medium soil fertility. Two hundred random tiller 
samples were taken from the pastures and analyzed for the presence of the endophytic- 
fungus (Neotyphodium coenophialum) using a monoclonal antibody enzyme-linked 
immunosorbent assay (ELISA) (Agronostics Ltd. Co., Watkinsville, GA). At the 
initiation of the experiment, 93 + 3.83% of the tillers were infected with the endophytic-
fungus.  
 Before the onset of the experiment, the cow herd from Middle Tennessee 
Research and Education Center (Spring Hill, TN) grazed the stockpiled fescue to remove 
old standing forage. Throughout the experiment, extra (grazer) calves were used in a put-
and-take system to maintain grass height between 7.5 and 20 cm. If pastures went under 
this height extra calves were removed. Once each year in late May, pastures required 
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mechanical clipping (20 cm) to maintain vegetative forage and prevent seed head 
development. 
 Random clip samples were obtained from each of the pastures during the week 
that cattle weights were taken (every 21 days) to estimate nutrient composition and 
forage availability. Three random strips (55.9 cm x 304.8 cm) in each pasture were 
mechanically clipped (using a lawnmower with collection bag) leaving a stubble height 
of 7.62 cm. Forage from each strip was immediately weighed and subsampled (10% for 
fresh forage by weight). The subsamples from the three strips were combined to produce 
a composite sample. Forage samples were frozen (-9oC) until analysis. Soybean hulls 
were sampled from each mixing batch. 
 To determine percent dry matter (DM) of forage as it was consumed by the 
animal, forage samples were dried at 55oC for 72 h in a forced air oven. Forage samples 
collected on day 42 (year 1) and day 63 (year 2) were lyophilized. All forage and soybean 
hull samples were weighed and ground to pass a 1 mm screen using a Wiley mill (Arthur 
H. Thomas Co., Philadelphia, PA).  Nutrient composition analyses were performed to 
determine DM, organic matter (OM) (AOAC, 2002), and crude protein (CP); (N x 6.25); 
(Leco FP-2000, Leco Corp., St. Joseph, MI). Neutral-detergent fiber (NDF) and acid-
detergent fiber (ADF) were analyzed in a batch processor (Ankom 200 Fiber Analyzer, 
Ankom Co., Fairport, NY).  
 A portion of forage samples collected on day 42 (year 1) and day 63 (year 2) were 
further ground with a centrifugal mill (Udy cyclone sample mill, Udy Corp, Ft. Collins, 
CO) and analyzed for ergot alkaloid concentrations using a competitive ELISA procedure 
(Adcock et al., 1997; Agronostics Ltd. Co., Watkinsville, GA). 
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 Available forage (kg·ha-1) was calculated using the following equation: 
[(total forage clipped, kg x % DM) / clipped area (cm2)] x 100,000,000 cm2/hectare. 
Animal grazing days were calculated as the total number of days that each calf grazed in 
each pasture. Grazer calves (not on trial) were not weighed when placed into a pasture, so 
ADG was assumed to be similar between the grazer and calves on trial. Based on that 
assumption, gain per hectare was determined using the mean ADG of the tester calves in 
the pasture and calculated using the following equation: 
pasture ADG, kg·hd-1·d-1 x animal grazing days/pasture size, ha. 
Cattle Management 
 The weaned calves used in this experiment were managed under the protocol 
1437 approved by the University of Tennessee Institutional Animal Care and Use 
Committee. Ninety-six, mixed breed steers (Year 1; 232.3 + 18.8 kg) and heifers (Year 2; 
245.3 + 19.4 kg) were obtained from Tennessee Livestock Producers (Columbia, TN). 
All calves were implanted with a growth promotant (Ralgro, Schering Canada Inc.), ear-
tagged for identification, and administered an anthelmintic (Ivomec-F, Merck, Sharp & 
Dohme, Rahway, NJ) prior to the experiment. Calves were randomly allotted to pastures 
in April (April 21, 2005 and April 6, 2006). Groups of four calves were randomly 
assigned to one of five treatments: 1) no supplementation (CON); 2) supplemented with 
soybean hulls (SH) at 0.33% BW (DM basis; LO); 3) supplemented with SH at 0.66% 
BW (DM basis; HI); 4) LO plus 20 g·hd-1·d-1 MTB-100® (LO-MTB); and 5) HI plus 20 
g·hd-1·d-1 MTB-100® (HI-MTB). Supplements were fed daily at 0700 h. Calves were 
given free-choice access to water and minerals (Ca, 22.5%; P, 4%; Salt, 16%; Mg, 0.3%; 
K, 0.1%; Co, 24 ppm; Cu, 1500 ppm; I, 40 ppm; Mn, 3,400 ppm; Se, 22 ppm; Zn, 3,900 
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ppm; vitamin A 240,000 IU/lb.; vitamin D3, 45,000 IU/lb.; vitamin E, 200 IU/lb.; COOP 
All Purpose Cattle Mineral, Tennesse Farmer’s Coop., Lavergne, TN). Calves were 
weighed every 21 days during the trial. Initial and final weights were determined as an 
average of two consecutive days (d 0 and d 1; d 83 and d 84, respectively).  
Statistical Analysis 
 Forage availability data were analyzed as a randomized block design with 
collection date (DATE) as a repeated measure using the MIXED procedure of SAS (SAS 
Version 9.1, SAS Institute Inc., Cary, NC). Data from animal grazing days, gain per 
hectare, and animal weight gains were analyzed as a randomized block design using the 
above procedure. Year and pasture productivity were used as random effects; 
glucomannan (MTB), level of soybean hulls (LEVEL), and their interaction were used as 
fixed effects. Contrasts were performed to compare unsupplemented calves (CON) to 
supplemented calves (SUPP). There was no significant interaction (P > 0.10) between the 
glucomannan and soybean hull treatments for any of the parameters analyzed, therefore, 
such information will not be presented herein. 
RESULTS 
Forage Measurements 
 Nutrient composition for tall fescue and soybean hulls fed during the experiment 
are found in Table 3.1. Concentrations of ergot alkaloids are presented in Table 3.2. 
Forage availability was similar among the treatments (P > 0.05) but was affected by 
DATE (P < 0.01), with forage biomass peaking at d 42 (2510.6 kg/ha) and declining until 
d 84 (1143.4 kg/ha); (Fig. 3.1). There was no interaction of treatments and DATE (P > 
0.05). Animal grazing days were similar among treatments (P > 0.05; data not shown). 
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Table 3.1. Nutrient profile of tall fescue and soybean hulls 
 DM1 OM1,2 NDF1,2 ADF1,2 CP1,2
FORAGE      
Year 1       
Initial 19.4 92.0 68.1 34.9 13.6 
D21 37.7 92.0 63.9 33.7 12.4 
D42 47.8 92.0 68.2 36.6 11.0 
D63 38.2 91.7 64.6 32.3 12.2 
Final 32.8 91.0 70.0 36.4 11.5 
Year 2      
Initial 41.3 92.5 61.2 26.5 13.7 
D21 32.1 92.3 64.0 31.9 14.1 
D42 32.6 91.8 63.2 31.9 12.3 
D63 34.8 89.7 64.9 34.2 12.7 
Final 37.6 90.7 66.8 34.7 11.9 
SOYBEAN HULLS      
Year 1 90.4 95.2 57.4 40.4 13.8 
Year 2 89.9 95.1 58.8 40.8 14.7 
      
1All values presented are percentages. 
2All values presented are on a dry matter basis. 
 31
Table 3.2.  Ergot alkaloid concentrations (ppb) in tall fescue clip samples collected 
 Ergot Alkaloid Concentration (ppb) 
Year 1 (June 1, 2005) 788.5 
Year 2 (June 7, 2006) 674.1 






























Figure 3.1. Available forage (kg/ha) as affected by treatments and day of 
collection; treatment effect (P > 0.05); DATE effect (P < 0.01); treatment x DATE (P > 
0.05). 
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Gain per hectare was affected by treatments (P < 0.01), but MTB and MTB x LEVEL did 
not affect gain per hectare (P > 0.05). LEVEL affected gain per hectare (P < 0.01) with 
the higher level of supplementation producing 42.6 kg more weight gain than the lower 
level (Fig. 3.2). Supplementation improved gain per hectare weights by 47.0% compared 
to non-supplemented.  
Animal Measurements 
 Overall, tester calves were healthy during the experiment. All calves had similar 
body weights at the initiation of the experiment (P = 0.90). Similar body weights were 
observed during the first twenty-one days of the grazing period (P > 0.05); however, by 
the sixth week of the experiment, there was a tendency for body weight differences to 
occur (P = 0.06). On d 63 and d 84, body weight changes were observed among 
treatments (P < 0.01) with HI-MTB calves being the heaviest and CON calves weighing 
the least at the end of the experiment (316.2 kg and 284.5 kg, respectively). 
Glucomannan treatment had no influence on the live body weight of the animals at any 
point in the experiment (P > 0.05); however, d 42, d 63, and final weights indicated that 
there was a significant influence of soybean hull level on the weights of the experimental 
animals. The higher level of supplementation produced calves that were 4.2% heavier 
than those fed at the lower level (312.6 vs. 299.9 kg, Table 3.3). Supplemented calves 
gained faster than CON calves following period 1 (P < 0.05), producing calves that were 
21.8 kg heavier than calves receiving no supplementation (P < 0.01, Table 3.4).  
 Average daily gain (ADG) was determined in periods between weigh points 
(Period 1 = d 1 to d 21; Period 2 = d 22 to d 42; Period 3 = d 43 to d 63; and Period 4 = d 
























 Figure. 3.2. Animal weight gain per hectare (kg/ha). Means with different letter 
designations differ (P < 0.05). 
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Table 3.3. Body weight (kg) of calves grazing endophyte-infected tall fescue with 
soybean hull supplementation and glucomannan 
 
Variable1 CON2 LO2 LO-MTB2 HI2 HI-MTB2 SE P Value3
Initial 237.4 238.8 237.5 238.8 241.3 7.0 0.90 
Day 21 259.0 263.7 261.7 264.2 268.9 8.3 0.40 
Day 42 277.6 283.8 282.5 288.8 293.6 5.5 0.06 
Day 63 276.9 292.1 291.1 299.2 304.2 4.7  < 0.01 
Final 284.5 301.5 298.3 308.9 316.2 4.3 < 0.01 
 
1Weight collection dates; all measurements are n = 16 for control and n = 20 for 
supplemented calves per treatment per year. 
2CON= control (no supplementation); LO = soybean hulls fed at 0.33% BW; LO-
MTB = soybean hulls fed at 0.33% body weight (BW) with 20 g·hd-1·d-1 glucomannan;  
HI = soybean hulls fed at 0.66% BW; and HI-MTB = soybean hulls fed at 0.66% BW 
with 20 g·hd-1·d-1 glucomannan. 
3Probability of greater F for the effect of the dietary treatments on body weight; 
not significant at P > 0.05. 
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Table 3.4.  Means for body weight (kg) in comparing unsupplemented calves and calves 
receiving soybean hulls 
 
Variable1 CON2 SUPP2 SE P Value3
Initial 237.4 239.1 3.73 0.6446 
Day 21 259.0 264.4 4.27 0.2158 
Day 42 277.6 287.2 4.53 0.0419 
Day 63 276.9 296.7 4.92 0.0003 
Final 284.5 306.2 5.01 0.0001 
 
1Weight collection dates; all measurements are n = 16 for control and n = 20 for 
supplemented calves per treatment. 
2CON = control (no supplementation); SUPP = calves receiving soybean hulls at 
either level (0.33% or 0.66% BW). 
3Probability of greater F for the effect of the dietary treatments on body weight; 
not significant at P > 0.05. 
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ADG between the treatment groups during the period 1 (P > 0.10). There were 
differences (P < 0.01) seen such that the HI treatment demonstrated the highest ADG 
(1.17 and 0.50 kg·hd-1·d-1) and CON had the poorest performance (0.89 and -0.03  
kg·hd-1·d-1) during periods 2 and 3 respectively. However, during period 4, there were no 
differences among the treatments (P > 0.10). Overall, there were differences (P < 0.01) in 
ADG among the treatments over the total experiment (Table 3.5). There was no increase 
in ADG for the calves supplemented with glucomannan (P > 0.10), but soybean hull 
supplementation increased performance above the control animals by 0.24 kg·hd-1·d-1 (P 
< 0.0001; Table 3.6) with the higher level of supplementation producing 17.4% greater 
daily gains than the lower supplementation level (P < 0.01; Table 3.7). 
DISCUSSION 
 Nutrient composition for fresh tall fescue indicated slightly higher DM and OM 
compared to the average reported by NRC (1996) (Int. Ref. No. 2-01-902); NDF and 
ADF of forage in the current study was similar to average with CP slightly lower than 
average. During the course of the experiment, NDF and ADF concentrations increased, 
while CP concentration decreased. These data reflect similar changes in forage quality 
reported by Dubbs and coworkers (2003). Few experiments examine the total ergot 
alkaloid concentrations in the forage. The overall average of total ergot alkaloid 
concentrations in the forage used in the current experiment was less than that found by 
Parish et al. (2003).  
Similar forage quantity and grazing days among the treatments throughout the 
experiment indicated that the put-and-take system was adequate in removing variation in 
available forage across treatments. Forage quantity dropped to as low as 300-500 kg/ha in 
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Table 3.5. Means for ADG (kg·hd-1·d-1) of calves grazing endophyte-infected tall 
fescue with supplementation of soybean hulls and glucomannan 
 
 
Variable1 CON2 LO2 LO-MTB2 HI2 HI-MTB2 SE P Value3
Period 1 1.03 1.15 1.32 1.14 1.21 0.09 0.18
Period 2 0.89 0.99 1.17 1.01 1.17 0.17 < 0.01
Period 3 -0.03 0.41 0.51 0.40 0.50 0.09 < 0.01
Period 4 0.36 0.34 0.57 0.44 0.46 0.08 0.28
Total 0.56 0.72 0.89 0.75 0.83 0.06 <0.01
 
1Period 1 = d 1-21, Period 2 = d 22-42, Period 3 = d 43-63, Period 4 = d 64-84, 
and Total = d 1-84; all measurements are n = 16 for control and n = 20 for supplemented 
calves per treatment. 
2CON= control (no supplementation); LO = soybean hulls fed at 0.33% BW; LO-
MTB = soybean hulls fed at 0.33% body weight (BW) with 20 g·hd-1·d-1 glucomannan; 
HI = soybean hulls fed at 0.66% BW; and HI-MTB = soybean hulls fed at 0.66% BW 
with 20 g·hd-1·d-1 glucomannan. 
3Probability of greater F for the effect of the dietary treatments on body weight; 






Table 3.6.  Means for ADG (kg·hd-1·d-1) in comparing unsupplemented calves and calves 
receiving soybean hulls 
 
Variable1 CON2 SUPP2 SE P Value3
Period 1 1.03 1.20 0.10 0.08 
Period 2 0.89 1.09 0.07 0.01 
Period 3 -0.03 0.45 0.05 <0.01 
Period 4 0.36 0.46 0.10 0.33 
Total 0.56 0.80 0.04 <0.01 
 
1Period 1 = d 1-21, Period 2 = d 22-42, Period 3 = d 43-63, Period 4 = d 64-84, 
and Total = d 1-84; all measurements are n = 16 for control and n = 80 for supplemented 
calves. 
2CON = control (no supplementation); SUPP = calves receiving soybean hulls at 
either level (0.33% or 0.66% BW). 
3Probability of greater F for the effect of the dietary treatments on body weight; 
not significant at P > 0.05. 
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Table 3.7.  Means for ADG (kg·hd-1·d-1) in comparing calves supplemented with soybean 
hulls at 0.66% body weight compared to 0.33% body weight 
 
Variable1 LOW2 HIGH2 SE P Value3
Period 1 1.14 1.26 0.07 0.1394 
Period 2 1.00 1.17 0.16 0.0065 
Period 3 0.40 0.50 0.08 0.2009 
Period 4 0.39 0.52 0.06 0.1283 
Last Half 0.40 0.51 0.05 0.0124 
Total 0.74 0.86 0.05 0.0005 
 
1Period 1 = d1-21, Period 2 = d22-42, Period 3 = d43-63, Period 4 = d64-84, Last 
Half = d43-84, and Total = d1-84; all measurements are n = 16 for control and n = 20 for 
supplemented calves per treatment. 
2CON = control (no supplementation); LOW = calves receiving soybean hulls at 
0.33% BW; HIGH = calves receiving soybean hulls at 0.66% BW. 
3Probability of greater F for the effect of the dietary treatments on ADG; not 








two of the pastures at the onset of the experiment in year 1 and in two of the pastures 
during the latter half of the experiment in year 2; all of these pastures were limited to the 
same block, so variation due to decreased forage production would have been removed 
by the experimental design. Overall, forage quantities ranged from 700 to 2800 kg/ha; 
thus, it was thought that forage quantity did not limit animal weight gain. Available 
forage quantity from the current experiment was lower than that found by other 
researchers (Dubbs et al., 2003), but this could be a result of higher stocking rates used in 
the current experiment because of the addition of grazer calves. Available forage found in 
this experiment fall into a similar range with those found in EIF pastures with clover used 
by Fribourg et al. (1991). 
Animal weight gain per hectare was lower for unsupplemented pastures compared 
with those reported by Parish et al. (2003). Supplementation in the current experiment 
resulted in gain per hectare greater than those reported for EIF alone (Parish et al., 2003), 
but lower than calves grazing non-toxic endophyte-infected tall fescue (Parish et al., 
2003) or EIF-clover pastures (Bouton et al., 2003).However, results from the current 
experiment were similar to EIF-clover pastures with 35-60% endophyte-infected tillers 
(Fribourg et al., 1991).   
Calves most likely benefited from the high quality forage available during the 
early part of the experiment. This along with the slight decrease in forage quality during 
the latter half of the experiment may explain the differences in weight gains between the 
first and latter halves of the experiment, but these changes cannot alone explain the poor 
performance seen during the latter half of the experiment. Increased handling stress 
during the latter half of the experiment may have hindered animal weight gain, 
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particularly in calves not receiving supplementation. The decreased weight gains may 
further explained by increases in ambient temperature often seen in late spring. Seman et 
al. (1991) indicated that as solar radiation and environmental temperatures increased, 
steers on EIF pastures decreased their daily grazing time relative to thermoneutral 
conditions. 
 Tall fescue toxicosis is reported to reduce ADG in growing heifers (Emile et al. 
2000) and steers (Parish et al. 2003) by 13.1 to 66%. Results from the current study 
indicate soybean hull supplementation fed at 0.66% BW increased ADG by 31.0%, 
which is higher than findings of Elizalde and coworkers (1998) where supplementing 
cracked corn and corn gluten feed at approximately 0.51% BW resulted in a 14.1% 
increase in ADG for steers grazing EIF during spring and early summer. Feeding such 
levels of readily fermentable starch in the cracked corn supplement may have resulted in 
decreased fiber digestion which is often associated with reduced rumen pH (Caton and 
Dhuyvetter, 1997).  
 Results of other studies have shown inconsistent results when supplementing 
soybean hulls to lactating beef cows and nursing calves grazing EIF. Forcherio et al. 
(1995) found no improvement in weight gains of lactating cows or their nursing calves 
when compared to similar animals receiving no supplementation. On the other hand, 
Faulkner et al. (1994) found that nursing calves receiving supplemental energy (corn or 
soybean hulls) had increased daily gains of 39% for limit-fed calves (1.0 kg/d) with no 
differences seen between energy sources.  They further observed that allowing unlimited 
access to these energy supplements increased daily gains an additional 13%. This is 
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similar to results in the present experiment where it was determined that increasing 
supplemented levels of soybean hulls increased ADG by 17.4%.  
 These findings are understandable when viewed in context with recent studies 
performed to evaluate the effects of soybean hull supplementation on nutrient 
digestibilities and nitrogen metabolism. Supplementation with soybean hulls has been 
shown to increase OM intake (Richards et al., 2006, and Feiser and Vanzant, 2004), 
duodenal OM flow, and ruminal OM and NDF disappearances (Richards et al., 2006). 
Further findings indicate that soybean hulls will decrease rumen ammonia as well as 
increase total and microbial N entering the duodenum (Richards et al., 2006). 
Supplementation with soybean hulls increased N retention (Feiser and Vanzant, 2004) 
and N disappearance from the intestines and total gastrointestinal tract (Richards et al., 
2006).  
 Studies with monogastric animals have yielded mixed results with the dietary 
addition of glucomannan. Researchers have observed that addition of glucomannan to 
swine diets did not improve feed intake, weight gain, and even can be detrimental to 
productivity when fed at high levels in the diet (0.1 to 0.2%) by suppressing weight gain 
and feed conversion efficiency (Swamy et al., 2003, Swamy et al., 2002). Raymond and 
coworkers (2003) found that improved feed intake occurred by adding this supplement to 
equine diets. 
 While few studies have been conducted to evaluate the efficacy of glucomannan 
to alleviate fungal toxicoses in ruminants, Diaz and associates (2004) found that 
supplementation with MTB-100® decreased the amount of aflatoxin M1 concentration in 
milk from dairy cows. Their findings support the hypothesis that glucomannan 
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sequestered these mycotoxins in the gastrointestinal tract, and thereby prevented 
exposure of such toxins to tissues. When this hypothesis was applied to tall fescue fungal 
toxins, inconsistent results were found. An in vitro experiment was conducted to evaluate 
the ability of this yeast cell wall product to alleviate tall fescue toxicosis in stem cells, 
and it was found that alterations in the toxicity occurred when the product made up 
0.05% of the medium; however, at a higher level (0.10%), no such alterations were 
found. In vitro studies are difficult to apply to grazing situations because of the effects of 
forage intake and gastrointestinal kinetics on the time needed for ergot alkaloids to be 
metabolized and removed from the tract. Results from the current study indicate that 
glucomannan at the current dose did not improve weight gain in growing beef calves 
during spring and early summer growth. These results are in agreement with those found 
by Ely et al. (2003) who found that glucomannan did not affect weight changes in 
lactating beef cows from May 1 to July 12 of their experiment. Results from another 
study of spring tall fescue pasture grazing indicated that steers receiving glucomannan in 
a liquid supplement outperformed those receiving the liquid supplement alone. 
Surprisingly, however, weight gain of those steers receiving the glucomannan and liquid 
supplement did not differ from the unsupplemented animals (Gunter et al., 2006). 
Using costs of soybean hulls ($0.15·kg-1; Tennessee Farmers Coop., Lavergne, 
TN), labor cost ($0.10·hd-1·d-1; Gunter and Beck, 2004), and an average market price of 
$2.37/kg for 272 to 318 kg calves (UT Agric. Econ., 2006b) it is estimated that the higher 
and lower levels of soybean hull supplementation increased profits by  
$171.03/ha and $102.72/ha, respectively, compared to solely grazing EIF. While the 
overall average is less profitable, the higher level of soybean hull supplementation 
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approaches the net returns from re-establishing a pasture with a non-toxic endophyte-
infected tall fescue cultivar ($198.69/ha; Gunter and Beck, 2004). Addition of clover to 
‘Jesup’ EIF pastures has resulted in an estimated additional $305.73/ha at current market 
cattle prices (Bouton et al., 2003); indicating that supplementation with soybean hulls is 
less profitable than the addition of legumes. 
IMPLICATIONS 
 Although supplementation with soybean hulls has not been shown to be able to 
preserve available forage or to extend the number of animal grazing days, it can be 
effective in improving the efficiency of available pasture by increasing calf weight gains 
per hectare. This improved calf performance results by providing additional ruminal 
energy thereby increasing ammonia nitrogen utilization by the animal. These results 
demonstrate that fibrous supplementation that increases energy, can be profitable and 
serve as a feasible alternative to pasture re-establishment. 
The results of this study further indicate that glucomannan, fed at the current 
dose, does not alleviate tall fescue toxicosis. It may be that the high levels of ergot 
alkaloids in the forage exceeded the capacity of the oligosaccharide to bind them in 
ample quantities to decrease toxicity and improve animal weight gain. Further research is 
needed to understand the mechanism of action of the glucomannan product and how it is 
affected by the microorganisms and the gastrointestinal environment of ruminants. 
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PART IV 
SUPPLEMENTATION OF ENERGY AND GLUCOMANNAN TO 
ALLEVIATE TALL FESCUE TOXICOSIS II: INTAKE, FECAL ALKALOID 
EXCRETION, PROLACTIN, AND TYMPANIC TEMPERATURE 
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ABSTRACT 
An 84 day randomized block design using 96 weaned beef calves (238.8 + 20.1 kg) in 
each of two consecutive years was used to assess the efficacy of energy supplementation 
and glucomannan (MTB) to affect dry matter intake (DMI), serum prolactin 
concentrations, and tympanic temperatures. Groups of four calves were randomly 
assigned to 24 endophyte-infected tall fescue pastures (1.23 + 0.06 ha). Each pasture of 
calves was randomly assigned to one of five treatments: unsupplemented (CON), 
supplemented with soybean hulls (SH) at 0.33% BW (DM basis; LO), supplemented with 
SH at 0.66% BW (DM basis; HI-SH), LO plus 20 g·hd-1·d-1 MTB-100® (LO-MTB), HI-
SH plus 20 g·hd-1·d-1 MTB-100® (HI-MTB). Calves had free choice access to water and a 
loose vitamin/mineral mix. Calves were dosed with chromic oxide and fecal grab samples 
were taken for 6 d (d 54 to d 59) to estimate DMI and fecal alkaloid excretion. Serum 
was collected from the calves every 21 days to measure prolactin concentration. 
Tympanic temperatures were taken for 3 consecutive days each week beginning d 59 and 
continuing until d 84. One calf from each pasture received a probe during each 
measurement period so that all calves were examined. Data were analyzed using the 
MIXED procedure in SAS with contrasts of main effects of MTB, level of SH fed 
(LEVEL), their interaction, and CON vs. supplemented (SUPP). There was no interaction 
between SH and MTB (P > 0.10). LEVEL and MTB did not affect DMI (P > 0.05); 
supplementation increased forage and total DMI (P < 0.01). Serum prolactin levels 
differed among the treatment groups on d 63 and 84 (P < 0.01) with increases attributed 
to LEVEL (P < 0.05). Similarly, there was a difference between CON and SUPP (P < 
0.01) on d63 and 84, where SUPP increased prolactin concentrations by more than twice 
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that of the CON. Tympanic temperatures were unaffected by interactions of LEVEL and 
MTB (P > 0.05). Temperatures were similar among treatments (P > 0.05); however, daily 
maximum temperatures and range were affected by SUPP (P < 0.01). Supplemented 
calves had lower maximum temperatures and decreased diurnal temperature variation 
compared to the control. The results indicate that supplementation can mitigate tall fescue 
toxicoxis, but addition of MTB was ineffective. 
INTRODUCTION 
Tall fescue (Lolium arundinaceum Schreb. S.J. Darbyshire = Festuca 
arundinacea Schreb.) is the most widespread cool-season grass in the Southeastern 
United States (Paterson et al., 1995).  An endophytic fungus, Neotyphodium 
coenophialum, produces ergot alkaloids known to decrease dry matter intake (DMI) of 
cattle grazing endophyte-infected tall fescue (EIF; Paterson, 1995). Results of some 
studies indicated that DMI can be reduced by 10-13% for calves consuming EIF 
compared to non-toxic endophyte (NTE) or endophyte-free (EFF) tall fescue (Matthews 
et al., 2005; Aldrich et al., 1993). Few studies report fecal excretion of ergot alkaloids, 
but Stuedemann et al. (1998) found little biliary recycling of ergot alkaloids which was 
inconsequential in comparison to urinary excretion. 
Ergot alkaloids have also been shown to target dopaminergic receptors (Larson et 
al., 1999, Samford-Grigsby et al., 1997) and suppress circulating prolactin (PRL) levels 
(Strickland et al., 1992). Aldrich et al. (1993)reported that animals consuming an EIF tall 
fescue diet had decreased PRL concentrations compared to those on an EFF diet 
regardless of whether they were exposed to thermoneutral conditions (22oC) or to heat 
stress (32oC).  
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These ergot alkaloids agonize the catecholaminergic receptors of (Oliver, 2005). 
These agonisms result in vasoconstriction of the calves consuming EIF causing decreased 
peripheral blood flow. Rhodes et al. (1992) found that steers consuming EIF tall fescue 
had increased rectal temperatures and similar skin temperatures to their counterparts 
consuming EFF. Their results imply that the reduction in blood flow to the periphery 
lessened the animals’ ability for heat loss.   
Based on these previous findings, the goal of this experiment was to assess the 
effects of energy supplementation and glucomannan, a possible bioadsorbent, to 
influence DMI, fecal alkaloid excretion, prolactin, and tympanic temperatures of calves 
consuming endophyte-infected tall fescue. 
MATERIALS AND METHODS 
Forage Management 
 In 2003, twenty-four pastures (1.23 + 0.06 ha), at the Middle Tennesse Research 
and Teaching Center (MTREC) in Spring Hill, TN, used for this experiment were 
subjected to chemical fallow (Gramoxone Extra 7, AstraZeneca US, Wilmington, DE)  
and were renovated with ‘Jesup’, endophyte-infected (EIF), tall fescue (Lolium 
arundinacea Schreb.) which was procured from the same lot of seed (Pennington Seed, 
Madison, GA). Pastures were fertilized with 68.05 kg N/ha. Two hundred random tiller 
samples were taken from the pastures prior to the experiment and analyzed for the 
presence of the endophytic fungus (Neotyphodium coenophialum) by using a monoclonal 
antibody enzyme-linked immunosorbent assay (ELISA) (Agronostics Ltd. Co., 
Watkinsville, GA). At the initiation of the trial, 93 + 3.83% of the tillers were infected 
with the endophytic fungus.  
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 Before the onset of the experiment, the cow herd from MTREC grazed the 
stockpiled fescue to remove old standing forage. Throughout the experiment, extra 
(grazer) calves were used in a put-and-take system to maintain grass height between 7.5 
and 20 cm. If pastures went under this height grazer calves were removed. Once each 
year, pastures required mechanical clipping (20 cm) to reduce the onset of seedheads and 
maintain desired forage height. 
Cattle Management 
 The calves used in this experiment were managed under the protocol 1437 
approved by the University of Tennessee Institutional Animal Care and Use Committee. 
Ninety-six, mixed breed steers (Year 1; 232.3 + 18.8 kg) and heifers (Year 2; 245.3 + 
19.4 kg) were obtained from Tennessee Livestock Producers (Columbia, TN). All calves 
were implanted with a growth promotant (Ralgro, Schering Canada Inc.), ear-tagged for 
identification, administered an anthelmintic (Ivomec-F, Merck, Sharp & Dohme, 
Rahway, NJ) prior to the experiment. Calves were randomly allotted to pastures in April 
(April 21, 2005 and April 6, 2006). Calves were randomly assigned to treatments: 1) No 
supplementation (CON); 2) soybean hulls fed at 0.33% BW (DM basis); (LO); 3) 
soybean hulls fed at 0.66% BW (DM basis); (HI); 4) soybean hulls (0.33% BW, DM 
basis) + 20 mg·hd-1·d-1 MTB-100®, (LO-MTB); and 5) soybean hulls (0.66% BW, DM 
basis) + 20 mg·hd-1·d-1 MTB-100®, (HI-MTB). Animals were supplemented daily at 0700 
h. Calves were given free choice access to water and minerals (Ca, 22.5%; P, 4%; Salt, 
16%; Mg, 0.3%; K, 0.1%; Co, 24 ppm; Cu, 1500 ppm; I, 40 ppm; Mn, 3,400 ppm; Se, 22 
ppm; Zn, 3,900 ppm; vitamin A 240,000 IU/lb.; vitamin D3, 45,000 IU/lb.; vitamin E, 
200 IU/lb.; COOP All Purpose Cattle Mineral, Tennesse Farmer’s Coop., Lavergne, TN).   
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Intake Measurements 
 On d 45 (Year 1) and d 42 (Year 2), control animals were dosed with controlled-
release, intraruminal, chromium sesquioxide capsules (Batch no.: 600202; Captec Ltd., 
Manurewa, Auckland, NZ). All calves receiving supplements (testers and grazers) were 
given chromic oxide (13.86 g·hd-1·d-1, Year 1; 20 g·hd-1·d-1, Year 2) for 15 days. Fecal 
grab samples were taken for six days (d 54 to d 59). Fecal samples were immediately 
placed on ice and were frozen (-9oC) until analysis was performed. Fecal samples were 
composited for each animal, lyophilized, ground to pass a 1 mm screen, analyzed for DM 
and OM content, and concentration of chromium was assessed using atomic absorption 
spectroscopy (Williams et al., 1962). Three random strips (55.9 cm x 304.8 cm) were 
mechanically clipped (using a lawnmower with collection bag) from each pasture on d 42 
(year 1) and d 63 (year 2) leaving a stubble height of 7.62 cm. Forage from each strip was 
immediately weighed, subsampled, and composited with the clippings from the other 
mower strips resulting in a composite sample of ten percent of all forage clipped in the 
pasture. Forage samples were frozen (-9oC) until in vitro dry matter digestibility 
(IVTDMD) could be performed. Forage samples were lyophilized, ground to pass a 1 
mm screen (Arthur H. Thomas Co., Philadelphia, PA), and analyzed for IVTDMD using 
a batch incubator (Ankom Daisy Incubator, Ankom Co., Fairport, NY). Total fecal output 
(g·hd-1·d-1)(TFO) was then calculated with the following equation: 
Cr fed (Cr g·hd-1·d-1) / fecal Cr concentration (mg/g dry feces). 
Forage DMI (FDMI) was determined by the following equation:  
{TFO – [1- (SH fed, g·hd-1·d-1)(IVTDMDSH, %)]} / IVTDMDFORAGE,%. 
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Total DMI (TDMI) was determined by the sum of the FDMI and the supplement DMI. 
Forage and total DMI as a percentage of calf body weight (FDMIBW and TDMIBW, 
respectively) was determined by dividing each by the live body weight of the calf and 
then multiplying by a factor of 100. 
Chromium Bolus Validation 
 To validate the release rate, four Angus steers (317 + 15 kg) were individually 
given free access to freshly cut, summer growth EIF, water, and mineral (NaCl, 94.0%; 
Zn, 0.350%; Fe, 0.200%; Mn, 0.200%; Cu, 0.030%; I, 0.007%; Co, 0.0005%; Champions 
Choice®, Cargill Salt, Minneapolis, MN) and housed in an enclosed, thermoneutral 
(23oC) environment with thirteen hours of light (0700 to 2000). The forage diet was fed 
for 14 days prior to the collection period to allow animals to adapt to the environment and 
the diet. On day 1, steers were weighed in order to determine intake. Ad libitum intake 
was set at 110% of the animal’s intake from the previous day. Steers were fed twice daily 
at 0800 and 1700. On day 6, chromium sesquioxide capsules (Batch no.: 600202; Captec 
Ltd., Manurewa, Auckland, NZ) were inserted into the reticulum via the esophagus. Total 
feces were collected on day 16 to day 21. Feces were weighed, subsampled, and 
immediately frozen (-9oC) until analysis was performed. Fecal samples were dried for 72 
h in a forced air oven (55oC), ground to pass a 1mm screen (Arthur H. Thomas Co., 
Philadelphia, PA), and analyzed for DM, OM, and chromium concentration. Forage grab 
samples were taken from the harvested forage during the collection period and were dried 
to constant weight in a forced air oven (55oC), ground to pass a 1 mm screen using a 
Wiley mill (Arthur H. Thomas Co., Philadelphia, PA) and analyzed for DM, OM 
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(AOAC, 2002), NDF and ADF (Ankom 200 Fiber Analyzer, Ankom Co., Fairport, NY), 
and CP (N x 6.25) (Leco FP-2000, Leco Corp., St. Joseph, MI). 
Serum Collection and Analysis 
 Blood samples were taken from tester calves every 21 days beginning at d 1 and 
ending d 84. Samples were taken by jugular venipuncture into collection tubes 
(Monovette Z, 9 ml; Sarstedt Inc., Newton, NC). Whole blood samples were immediately 
placed on ice. Serum was separated by centrifugation at 5,000 rpm for 20 minutes at 
23oC. Serum was decanted and placed in storage tubes and frozen (-9o C) until analysis. 
Serum samples were analyzed for prolactin by the radioimmunoassay procedure 
described by Bernard and coworkers (1993). 
Tympanic Temperature Measurements 
 Tympanic temperature measurements were taken for three consecutive days each 
week for four weeks beginning d 59 and continuing until d 84. One calf received a 
temperature probe (Onset Computer Corp., Bourne, MA) each week resulting in all tester 
calves being examined. Temperature data was collected using BoxCar® Pro software 
(Version 4.0, 1999, Onset Computer Corp., Bourne, MA). Any data points that went 
down to the baseline for the logger were removed. 
 Temperature loggers were secured to a halter and positioned at the poll of the calf. 
The temperature probe (45.7 cm) was placed along the back of the ear, and the 
identification tag (Allflex USA, Inc., DFW Airport, TX) was removed. The probe was 
inserted through the hole in the ear and the identification tag reinserted. Excess length of 
the probe was wrapped around the male button of the identification tag. The end of the 
probe was inserted into the ear canal until it touched the tympanic membrane. The end of 
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the probe was secure in the ear canal by inserting a foam block (Richardson Products, 
Inc., Frankfort, IL). The ear was then wrapped with Elastikon™ elastic tape (Johnson & 
Johnson Consumer Co., Inc., Skillman, NJ) and covered with Vetrap™ bandaging tape 
(3M Animal Care Products, St. Paul, MN). 
Statistical Analysis 
 Intake, alkaloid, and prolactin data were analyzed as a randomized block design 
using the MIXED procedure of SAS (SAS Version 9.1., SAS Institute, Cary, NC) with 
year and previous pasture productivity as random effects; glucomannan (MTB), level of 
soybean hulls (LEVEL), and their interaction were used as main fixed effects. 
Temperature data were analyzed using the same procedure with the week of probe 
insertion as an additional random effect. Contrasts were performed to compare 
unsupplemented (CON) to supplemented animals (SUPP). There was no interaction 
between MTB and LEVEL, therefore those data will not be presented herein. 
RESULTS 
Dry Matter Intake 
 Nutrient composition of the EIF used in the validation study is presented in Table 
4.1. Results from the validation study for the chromic sesquioxide boluses demonstrated a 
release rate of 0.68 g/d. There were observable differences for forage DMI (FDMI) and 
total DMI (TDMI) as well as differences for FDMI and TDMI as a percentage of calf 
body weight (FDMIBW and TDMIBW, respectively) (P < 0.01; Table 4.2). There was no 
effect of MTB (P > 0.05) or LEVEL, except that the higher level of supplementation 
tended to increase TDMI by 8.9% compared to the lower level (P = 0.06). The primary 
differences were between CON and SUPP (P < 0.01; Table 4.3). Supplementation 
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Table 4.1. Nutrient profile of endophyte-infected tall fescue used in chromic sesquioxide 
release rate validation experiment 
 
DM1 OM1,2 NDF1,2 ADF1,2 CP1,2
31.4 92.6 68.1 36.7 9.9 
 
1All values presented are percentages. 
2All values presented are on a dry matter basis.
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Table 4.2. Means for dry matter intake (kg/d) of calves grazing endophyte-infected tall  
fescue with supplementation of soybean hulls and glucomannan 
 
Variable1 CON2 LO2 LO-MTB2 HI2 HI-MTB2 SE P Value3
FDMI 5.67 8.71 8.61 8.33 8.93 1.90 < 0.01
TDMI 5.67 9.47 9.57 10.09 10.65 2.02 < 0.01
FDMIBW 2.03 2.99 3.04 2.81 3.02 0.58 < 0.01
TDMIBW 2.03 3.28 3.34 3.40 3.60 0.63 < 0.01
 
1FDMI = forage dry matter intake, TDMI = total dry matter intake, FDMIBW = 
forage dry matter intake as a percentage of calf body weight, TDMIBW = total dry matter 
intake as a percentage of calf body weight; all measurements are n = 16 for control and n 
= 20 for supplemented calves per treatment. 
2CON= control (no supplementation); LO = soybean hulls fed at 0.33% BW; LO-
MTB = soybean hulls fed at 0.33% body weight (BW) with 20 g·hd-1·d-1glucomannan; HI 
= soybean hulls fed at 0.66% BW; and HI-MTB = soybean hulls fed at 0.66% BW with 
20 g·hd-1·d-1 glucomannan. 
3Probability of greater F for the effect of the dietary treatments on dry matter 
intake; not significant at P > 0.05. 
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Table 4.3.  Means for dry matter intake (kg/d) in comparing unsupplemented calves and 
calves receiving soybean hulls 
 
Variable1 CON2 SUPP2 SE P Value3
FDMI 5.67 8.65 1.84 < 0.01
TDMI 5.67 9.94 1.96 < 0.01
FDMIBW 2.03 2.96 0.57 < 0.01
TDMIBW 2.03 3.41 0.60 < 0.01
 
1FDMI = forage dry matter intake, TDMI = total dry matter intake, FDMIBW = 
forage dry matter intake as a percentage of calf body weight, TDMIBW = total dry matter 
intake as a percentage of calf body weight; all measurements are n = 16 for control and n 
= 20 for supplemented calves per treatment. 
2CON = control (no supplementation); SUPP = calves receiving soybean hulls at 
either level (0.33% or 0.66% BW). 
3Probability of greater F for the effect of the dietary treatments on dry matter 
intake; not significant at P > 0.05. 
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increased FDMI and TDMI by 3.0 and 4.3 kg/d, respectively, above the CON. As result, 
FDMIBW and TDMIBW increased by 0.9 and 1.4 percentage units, respectively, above 
the unsupplemented calves. 
Fecal Alkaloid Excretion 
 Differences were observed between the treatment groups in regard to the amount 
of ergot alkaloids that were excreted in the feces (P < 0.01) with CON animals having the 
highest concentrations of fecal alkaloids (4348 ppb) while the HI group had the lowest 
concentration (Figure 4.1). There was a difference in the amount of alkaloids excreted in 
the feces when comparing the CON to supplemented calves (P < 0.01; Figure 4.2). 
Supplementation decreased fecal alkaloid concentrations by 31.3% compared to calves 
solely grazing tall fescue. Higher levels of soybean hull supplementation tended to 
decrease fecal alkaloid excretion by 11.2% when in comparison to the lower level of 
soybean hulls in the diet (P = 0.08). Glucomannan exhibited no effect on the fecal 
alkaloid excretion (P > 0.05). 
Prolactin 
A square root transformation was performed to create a normal distribution of the 
data; values presented were transformed back to indicate original values. Results from the 
current study indicated that initially there were no differences in serum prolactin 
concentrations among the treatment groups (P > 0.10; Table 4.4).  Glucomannan did not 
impact prolactin concentrations during the experiment (P > 0.05), except on d 21 where 
there was a tendency (P = 0.09) for MTB to decrease prolactin concentrations. There 
were no differences in prolactin concentration during the first forty-two days of the 

































*CON= control (no supplementation); LO = soybean hulls fed at 0.33% BW; LO-
MTB = soybean hulls fed at 0.33% body weight (BW) with 20g•hd-1•d-1 glucomannan; 
HI = soybean hulls fed at 0.66% BW; and HI-MTB = soybean hulls fed at 0.66% BW 
with 20g•hd-1•d-1 glucomannan. (P < 0.01). Probability of greater F for the effect of the 
dietary treatments on body weight; not significant at P > 0.05. 
 
Figure 4.1. Means for fecal ergot alkaloid concentrations (ppb) of calves grazing 
































*CON = control (no supplementation); SUPP = calves receiving soybean hulls at 
0.33% or 0.66% BW. (P < 0.0001). Probability of greater F for the effect of the dietary 
treatments on body weight; not significant at P > 0.05. 
 
Figure 4.2. Means for fecal ergot alkaloid concentrations (ppb) in comparing 
unsupplemented calves and calves receiving soybean hulls
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Table 4.4.  Means for prolactin concentrations (ng/ml) of calves grazing endophyte-
infected tall fescue supplemented with soybean hulls and glucomannan 
 
 CON1 LO1 LO-MTB1 HI1 HI-MTB1 SEM2 P-value3
Day 0 37.2 49.4 48.0 59.2 71.5 16.7 0.76 
Day 21 5.3 8.7 5.7 7.2 6.3 1.6 0.26 
Day 42 8.9 12.1 11.8 13.6 15.2 2.6 0.38 
Day 63 15.6 29.4 28.1 34.2 42.5 18.2 < 0.01 
Day 84 37.3 49.5 48.0 59.2 71.5 15.1 < 0.01 
 
1CON= control (no supplementation); LO = soybean hulls fed at 0.33% BW; LO-
MTB = soybean hulls fed at 0.33% body weight (BW) with 20g·hd-1·d-1 glucomannan; HI 
= soybean hulls fed at 0.66% BW; and HI-MTB = soybean hulls fed at 0.66% BW with 
20g·hd-1·d-1 glucomannan. 
2Probability of greater F for the effect of the dietary treatments on serum prolactin 
concentrations; not significant at P > 0.05. 
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treatments (P < 0.01). On d 63, there were significant differences between the calves that 
received supplementation compared with control calves (P < 0.01).  Supplemented 
animals had two times higher serum prolactin compared to the control animals (33.3 vs. 
15.6 ng/ml, respectively).  On d 63 and at the end of the study, differences among the 
treatments were due to the main effect of LEVEL (P < 0.01). By feeding higher levels of 
soybean hulls, prolactin concentrations increased by 33.0 and 33.7% on d 63 and d 84, 
respectively. By d 84, SUPP had 19.4 ng/mL higher serum prolactin than CON  
(P < 0.01). 
Tympanic Temperatures 
  Data for the temperature range were transformed with a square root 
transformation; values presented were transformed back to reflect the original values. No 
differences were found between the treatments for the average temperatures (P > 0.05); 
however, differences were obtained for the daily maximum temperature and diurnal range 
(P < 0.05). Control animals had the highest temperatures (40.5oC) and the HI-MTB 
animals had the lowest maximum temperature (40.0oC; Table 4.5). Neither MTB nor 
LEVEL exhibited a significant impact on the tympanic temperatures (P > 0.10). While 
there were no differences among average temperatures between the CON and SUPP 
calves (P > 0.10), supplementation did lower maximum temperatures by 0.38 oC (P < 
0.01) and lessened the range of temperature fluctuation by 0.50 oC (P < 0.01). 
DISCUSSION 
 Reduction in DMI is well documented for cattle consuming EIF (Paterson et al., 
1995). Supplementation with soybean hulls significantly increased forage and total DMI  
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Table 4.5.  Means for tympanic temperature measurements (oC) of calves grazing 
endophyte-infected tall fescue with supplementation of soybean hulls and glucomannan 
 
Temperature CON1 LO1 LO-MTB1 HI1 HI-MTB1 SEM P-value2
Average 39.4 39.3 39.4 39.6 39.3 0.23 0.57
Maximum 40.5 40.1 40.0 40.5 40.0 0.21 0.01
Minimum 38.3 38.3 38.7 38.7 38.5 0.37 0.20
Range 1.9 1.6 1.3 1.5 1.4 0.53  < 0.01
        
1CON= control (no supplementation); LO-GLUC = soybean hulls fed at 0.33% 
body weight (BW) with 20g·hd-1·d-1 glucomannan; HI-GLUC = soybean hulls fed at 
0.66% BW with 20g·hd-1·d-1 glucomannan; LO-SH = soybean hulls fed at 0.33% BW; 
and HI-SH = soybean hulls fed at 0.66% BW. 
2Probability of greater F for the effect of the dietary treatments on body weight; 
not significant at P > 0.05.
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when compared to no supplementation; however, energy supplementation of high quality 
forages has been shown to decrease voluntary forage intake. In a review by Moore et al. 
(1999), it was concluded that when the ratio of TDN:CP in forages is less than seven, 
then forage intake may be suppressed by energy supplementation. With a ratio of 4.07 
(NRC, 1996), supplementation of tall fescue has been shown to decrease forage intake 
(Richards et al., 2006; Feiser and Vanzant, 2004; Elizalde et al., 1998). While 
supplementation decreased forage intake, overall organic matter intake (OMI) was 
unaffected (Elizalde et al., 1998) or actually increased compared to control (Richards et 
al., 2006; Feiser and Vanzant, 2004, Forcherio et al., 1995). Forage intake for 
unsupplemented calves was higher than that reported by other studies for calves 
consuming EIF (Richards et al., 2006; Matthews et al., 2005), but was similar to the 
amount consumed by calves consuming NIF and EFF (Matthews et al., 2005).  Forage 
DMI as a percentage of calf body weight in the current experiment is similar to 
unsupplemented calves consuming EIF (Feiser and Vanzant, 2004; Forcherio et al., 1995) 
or slightly lower (Elizalde et al., 1998); however, supplemented calves in this experiment 
had higher FDMI and TDMI than the results found by other scientists (Richards et al., 
2006; Feiser and Vanzant, 2004; Elizalde et al., 1998). When these values are compared 
on a percentage of calf body weight, the calves in the current experiment consumed 
approximately 0.6 to 1% BW more forage than that found in other studies of 
supplemented calves (Elizalde et al., 1998; Forcherio et al., 1995). Total DMI as a 
percentage of body weight was 0.7 to 1.2% BW greater than that reported by those same 
experiments. The differences seen between the current experiment and those previously 
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mentioned may have resulted from different feeding behaviors and voluntary intake of 
grazing calves compared to housed calves.  
 Ergot alkaloid excretion in feces has received little attention in the past, however, 
recent experiments are beginning to emerge to help understand the effects of 
fermentation, digestion, and absorption on these toxins. In a review by Weimer (1998), it 
is reported that rumen microorganisms are capable of detoxifying ergopeptides by 
removing the bioactive peptide moiety leaving the lysergic acid backbone structure. A 
recent study indicates that ruminal absorption of ergot alkaloids exceeds absorption in the 
omasum with lysergic acid being transported across the epithelial tissues more readily 
than other ergopeptides examined (Hill et al., 2001). Stuedemann et al. (1998) also 
indicated that there is little biliary recycling of ergot alkaloids in steers grazing EIF and is 
fairly inconsequential when compared to urinary excretion. When excretion of ergovaline 
and lysergic acid was examined in the feces and urine of horses, it was found that the 
majority of lysergic acid was excreted in the urine (Schultz et al., 2006). Ergovaline, in 
contrast, was only eliminated in the feces (Schultz et al., 2006).  Further, these scientists 
found that lysergic acid recovery was greater than intake, indicating biotransformation of 
the ergopeptides prior to excretion (Schultz et al., 2006). 
 It is not understood how energy supplementation affects the transformation of 
these alkaloids in the gastrointestinal tract. Results from the existing study indicate that 
soybean hull supplementation decreased alkaloid excretion in the feces. Results from this 
experiment are inconclusive in regards to the metabolism of the alkaloids, because the 
fecal alkaloid excretions do not follow the same pattern as forage intake. One would 
expect that with the increased forage intake of the supplemented steers that there would 
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be a concomitant increase in ergot alkaloids excreted in the feces. It appears that the 
additional ruminal energy has shifted the excretory pathway for the ergot alkaloids. The 
supplemental energy provided to the rumen microorganisms may have increased 
microbial populations to the extent that increased ergopeptides were detoxified to 
lysergic acid which would be excreted in the urine and not the feces. 
It is evident that the individual ergot alkaloids do not share the same sites of 
absorption or excretory pathways. Therefore broad spectrum adsorption of these alkaloids 
can be a complicated matter. Results from this experiment demonstrate that glucomannan 
given at current levels is insufficient to sequester these ergopeptides in the 
gastrointestinal tract and promote their elimination in the feces. The mechanism of action 
for this particular agent has not been illuminated, however, the extensive glycosylation of 
glucomannan (Lipke and Ovalle, 1998) leads the author to believe that noncovalent 
interactions, particularly hydrogen bonding, allows for weak interaction with an 
indiscriminate number of substrates. These noncovalent interactions would allow the 
toxins to bind and later be released. Therefore, it may possible that certain ergopeptides 
are being transported from the rumen to only be released in the lower tract and absorbed. 
Hypo-prolactinemia is a hallmark of tall fescue toxicosis (Paterson et al., 1995). 
With the prevalence of tall fescue in the Southeast, it is difficult to obtain calves that have 
not been previously exposed to tall fescue toxins. The sources of the calves used in the 
study could not be verified; however, the similarities among the initial prolactin 
concentrations indicated that most of the calves were not suffering from fescue toxicity. 
These initial concentrations were less than those observed by Parish et al. (2003).  After 
three weeks of consuming the EIF, prolactin concentrations in calves indicated they were 
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suffering from toxicity. Prolactin concentrations early in the study were comparable to 
those found by Parish and others (2003). Soybean hull supplementation increased serum 
prolactin concentrations, but it failed to cause values that were comparable to those found 
in animals consuming EFF (Nihsen et al., 2004; Parish et al., 2003; Aldrich et al., 1993).   
Initial suppression of prolactin levels (d 21) indicated a rapid onset of tall fescue 
toxicosis; however, by the end of the experiment these levels had increased to above the 
initial concentrations. Final prolactin levels for control calves were higher than those 
values reported by others (Nihsen et al., 2004; Parish et al., 2003). While the original 
design of the experiment did not intend to evaluate the effect of season on the prolactin 
levels, later analysis revealed a significant influence of season (P < 0.01; data not 
shown). Results from the current study demonstrated an increase in serum prolactin 
concentrations from an average of 8.4 to 59.1 ng/mL over the course of the experiment.  
Other researchers have shown prolactin levels increased in lactating dairy cows due to 
season or photoperiod independently of changes in concentrate supplementation 
(Sorenson and Knight, 2002). Parish and associates (2003) also reported a significant 
treatment by season interaction with steers grazing during the spring having higher 
prolactin concentrations than those grazing during autumn. Further research may be 
necessary to validate the effects of season or photoperiod on prolactin concentrations of 
cattle grazing EIF. 
Mean tympanic temperatures measured in the current study were similar to rectal 
and core temperatures found by other researchers (Parish et al., 2003; Al-Haidary et al., 
2001). Maximum tympanic temperatures matched those found by Nihsen et al., 2004). 
Supplementation with glucomannan seems to lessen the degree of temperature fluctuation 
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which is in contrast to results reported by Aaron et al. (2003). They observed that 
supplementation with glucomannan increased the amount of diurnal variation. This group 
of scientists did not report the concentrations of ergot alkaloids found in the forage, and 
this could be one source of the differences found between the current study and theirs. 
However, similar to the current study, Aaron et al. (2003) did not find differences in the 
mean temperatures for cows receiving glucomannan and those only receiving energy 
supplementation (ground shelled corn).  
Interestingly, in the current study, the range in diurnal temperature changes was 
decreased with supplementation. It may be that increased energy supplementation to the 
rumen increased metabolic heat production for the animals causing them to maintain 
higher baseline temperatures than the control animals. Addition to glucomannan to the 
diet decreased the diurnal range for heat transfer, but it is not evident by the maximum 
and mean temperature values that glucomannan improved heat transfer for the calves.  
IMPLICATIONS 
 Supplementation with soybean hulls can mitigate the severity of tall fescue 
toxicosis by promoting additional nutrient intake. It further may provide sufficient energy 
substrates to rumen microorganisms to promote their detoxification of ergot alkaloids. 
Further supplementation can increase prolactin concentrations and slightly decrease deep 
body temperatures. However, glucomannan seems to be ineffective at alleviating tall 
fescue toxicosis. Future research is needed to examine the effects of energy supplements 
on the detoxification of ergot alkaloids and the excretory pathways of ergot alkaloids and 
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